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= (54) XjtJe: SURFACE POSITION DETECTION APPARATUS, EXPOSURE METHOD. AND DEVICE PORDUCING METHOD 




(57) Abstract: A surface position detection apparatus (100) comprising a light transmitting system (8) for projecting a detection 
light onto a surface (S) to be detected, and a light receiving system (9) for receiving a reflection light from the surface (S)to be 
!£? detected the surface position information of the surface (S) to be detected being detected based on information obtained from the 
S 14ght receiving system (9). A plurality of lights LI , L2 as detection lights are projected on to the surface (S) to be detected at different 
tf^ incident ancles 0^02. Surface position information can be corrected based on reflection lights from the lights LI, L2 even when 
O lh e refractive index of a medium on the surface (S) changes with a change in temperature. The surface position detection apparatus 
^ (100) is useful for an immersion exposure system. 
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fe*ElT:;fc£o ftJftP^fiCONTIi, »K SS2j$Bfc*8 A. 8 BCDZMtifrb 
£1 . Sft 2 CD^ifc^ L 1 N L 2%3£«P©«®SI^LTrail#l^»rSo *1 © 
^i^L 1 I4*#5 0*^LTX«*ft exalte P (DOTS II«it**ts Sf!2CD& 
m*L2tt»#5O«^UTA»ft0 2 Tra6*EP<DOTSC«:#**l*o £1 x JR 
2©l*tiMteL 1 * L 2I^St5<**5P(Z)OTST0DS^L 1 r. L 2 r GD-^tl^ 
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tilt, *U «2«3t*9As 9 BlZg&StiSo £<Di:£x »f* 5 0 liWr3t©» 
JjETjCBBfedtlTfcOx £(Dfc*0>J«*5 0(DJffiifr*l4nTfc4o ££x ZKDi: 
x 3t2<D}£ttl7fcL 1 s L 2<D^ft^*ili»5P0>a®S±l::fci\Tl^lM£ 
«lCift»**l*o Lfctfot, »f*:5 0iaBHff«<b (ffl*£<b) fcl^SlTtex 

ti*i:SI*3tL 2 r<D53t*<D3tt(*fcSltft*'lRl©"*"*».*iittWli;-C&*o 

St£P#Z$i:&ftl3?£ib-t»:-f Kx »{*5 OflDifiJttfT^&TjKlMiLx *i* 
5 0(DH#f*n36«A-n^«flsLfc»dl3'3t\T#x.*o jftSEfcfbfcJ: 9x K1 x 
I2S^8A, *S2<Dl*dJfcL 1 x L 2ttx »^PLfr 

6»f*:5 0^<3D*B-v?(DJS#fft*SE'fb*-frSo itOJS*fft©SE<bl3fl£oTx Sf§1 x 
*2©«mjfeLK L 2<D%V&tim*$\- 1 ' x L2' cfcoKlfcliiU ZtilZ 

^vmi (D&thzttL 1 (DStePODMsi^-r^x^*^,*^©/ «<bu 
^2cD^t±i7 l cL 2o>st5Proa®siz:^-ri)A*t^^a 2 A^0 2 ' lcSE<br*o 

TShx JB1 (D^Bi^L 1 ODSttefeL 1 r©3te8&li*3te3fc9 ACD^tehSiS&^lRj 
l3SgjHD1-rtiTS^L 1 r' £fci>o «2©lftdJ3teL 2©SW3tL 2 

r©3t8SI±»3te*9 BflMfeMlfcSafctfiRjIllIEfilD 2f*iT£«ftfcL 2 r* hfci>o 

Z^T^ SftflHDffStfdTfcOx }&8tmiUZWvT)&te 5 0©IWn^e. A 
n/ctt^bL£^£#;i3>o CODii^ ^dl^<DStS*®^<Z)A^*«bUx 
^(D^bMA^Ii. 

Ae = arcsin (n/(n + An)) • s i n 0 — (3) 

Tfc£>o s^p<D^®scDz$i^^©^ib*^uii-ri.i:x ms.p ammo)? * 

Ad = d • Ct an (0 + A0) -tan^D / (2 t a n £9 ) —(4) 

■5 % u p us© -7*-tixmMt, m&.<Dm$T*&itvuzt$ it 
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zz~c, it (3) -5 leu beizeomz&tirtZo e, e 2 T?&ZG> 

« i;S»E P*®©7 * -^X&iiCD&tiilSilftA d fcOHffi©— 0!i <D 

Wxtfs *1 ©^m^L 1 DXIWfl^S Ojgs IS 2 L 2(DAm&e 

a ff8 5J«lzR***lTU*»frx ^5 OfcLTflDlfckaiMEtfT 0 
1 °C^b U T T 2 II & o v Ba4«k«9x »1 ©fctiWteL 1 i:S^<7*-*7 
(SHirotfcaiS&SaAd,!**^ 0 nmTrfeOs fg 2 ©J&fctST'nL 2 Clgo- < 7 * 
Xift«a)1ftttlKS*Adal*W8 0 nmt£5o *-fcfr-£x GB4(D0!ll;:J:*itf* 
*1mm(D»#(*) 5 0©ffi*#0. OTCXftUc^ 2ocD&iii7fcL 1 x 
L 2lZ*-3< 7*-i3Xi±LW(D&lhmmm&<i „ Ad 2 l;ite6 Onmdffii; 

±3#C7>5t (3) x (4) fr6BJ§€,frfc«fc-5lZx fcfcb$fcU:a|-3< "7 
^dim^MAdlix »^05BJ*^blzJ:S®#f*©se<blZl5l£Jtff!ir%o Lfc#o 
Tx «1 CD^diT'cL 1 IZ*^< 7*-**<4*<Dfcii3l!*£*A d , hx fg2CD^dJ 
3feL 2l3«o*<7*-^^&S©^iiim^MAd 2 h©^ (Ad^Adj) 

<D i &&&<t,\zj:zmm*&ibizm£&M-tZo m«s mAcoffimz&^-c, mi* 

ffl*a>0. 0 1 «C(D^bi:<torM(OSWA nft LfehtS 
«bl^felt%tttbKSKa>H (Ad ,-Ad 2 ) *«3 0 nm (=6 0 nm/2) CD 



15 



WO 2004/053957 



PCT/JP2003/015736 



(z,-z 2 ) lix an5P«iS(Dffffrai;(fiL**ttaiUTL\%cDTx 
<b (®#r«*b) #fctt;hi«fbLfeu#x »*©saac^bi^«fcDJS»f«Wbi- 
stx *©7*-a;*{i«©i*aig (z,-z 2 ) timmmmtizttm L-cmt-t 

% 0 mZm7L\Z. Z<D7*-t)Xm.W.CD&lhm. (Z,-Z 2 ) fr€>»f*<D®Jfr« 
<b*fc£fcti« 5 *H^fiMI-fctNT. |iJWglCONTIis 

?feHt^>5al^-v3 >[3.«toT*tototl/c> •?-<D7*-±i7.fi:Ma)^ai^ 
(Z,-Z 2 ) fcia«f«'fb*t©M#*:iBttLTteOx AF*diSI«1 OO^i 
ot^^tl^^-^^fefZ, x Z 2 taS^L\TS#f*a>^b*4:^toS - ^ 

^(D^tts^ (z,-z 2 ) #»#©MSfbicit#JLTSE<fb«o Lfctf^t, * 

(D7*-t>XtiLm(D&>&m (Z,-Z 2 ) fcJB*r«fb*fc<D|IW^ fe%tM*»# 

o^m.^it&tmw<DM^mm<tm.t(orm^^-c%m^miC ont i^ists t 

•3i>T»ttiBJ*<D*'fb* , fe £ ^ t a<t £ £ o 

B^5o fcfcx AFfcWMI 0 0I4. ^Millfet^Ts ^TfeL 1 IZ:So*lxT 
MZ 2 i:l£l^— i;:&&cfc-5i;:iEM£*vrui>o 7*-*7.<igZ 1N Z 2 I4^- 

AF&iii£tg1 0 0 lis IWW(ftfllCONT<Dfi^llSt3*x St£P»®l3fo)ttT 
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mi (D&ftytL 1 tm2(D&ihyiL 2 t*&m-?*£ii*>\z, &&ytL k l z\z 
l 2i:3i^saiffipa®fl!)-7*-*^{iitz 2 i:ft*n*tittajr* Uf>y7s 

1 ) c 

ftJfcPilMCONTlix &m£*i£7*-:bX<ugZ , tZ 2 t(Di (Z,-Z 2 ) 
£*#k *toiB1***iTU*7*-A*ift«©t*tiig (Zt-Zj) t^5 0O 
Jg*ff«fb*A n ^©KHSIWRIlia^Tx j$#5 0GE)/l#f4^bSA n 

2) e 

X-ry^S 1 T3£tofclg1 OD^m^tL 1 CJ:S7*-*7ffiiZ 1 t«]Et5o * 
teftlZtt, ^toieit LTU£>±IE5£ (3) . (4) fcftoT, Xf>v7S 2T#to 

fcja*f«<b*A nic«fc-3T±i;sx«t«<b*A© ,**tox ^cda© w^So* 

^tll^iiAd,!^^ Sf§1 CD^diTfeL 1 £^T&m<**lfcSt5PSl 

* LT„ $PiiC O N T 14. «3E LfcSitS P*®ffi®flt«flW8l3*^txTx C 
(DjflEI^J: 0 P <Z>3iM h«E i: ft-SQ-f & «fc o In > gffix f-vPST 
^«g«lLT«t1SfcaeKP©*ffiSi:(Z>tftaB8ffi*m-rs Uf«y7S4) o 

fcfcx 5 0 (DJ?£ d 1 mmTfe5^l:o^T'MLttf, $ij 

< j&2©i*ai3teL 2feffior«ai#*ife7*-*^(iBZ 2 ft»JEUTttor'b 
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li"5l#gfelSt?^:^U^t^M$LUo — *x £«P<Z>3l®Si;:**-i-3A**fttf'h£ 
<&§fc, atEPflDZIUl^|SaiCteltS<4*ttdJfll*A<ffiT-i-So LfctfoT. tfciiJ 
3feL 1 s L 2©ait5P*®iw*t-i-SXI*ftld:*ti*tL3 0° <0<9O° ©HM* 
LTl*£ bu<> *LTx afcffiPa>raST-Hfrfc3fc*&*r*-*£ 

W*t»6ti5J:ai^ It»*U<l±x 1£di&L 1 x L 2flC>aKRP«iSl3*rt-S 
A»ft 14**1**1 7 0° <S<9 0 4 (D^^ltltUSIhTOlt^o o 
$15, HJ4a)^^l37F^*i?> e tdlz:. 7 0° J3LtTfc*il4\ XH^© 

&tfc:&L 1 x L 2I^**-r*Jft# (7k) ©Sjff$t^Pi®« 
** ( Uv^ K ) (Dmifrm£.(DMtf>kZ < fe 0 , SM*£*ifcl*ai3te^*fel*a>SSiB'e 

iiU *(DT*fe®fre>©£3ftfej!>V ^Xj5£#fcLTS#*>ireg$fc**iT:L*-3 
RjflgtttffcSo LfctfoTx *&di3feL 1 N L 2 (*) ©JS^ii^lS 

M^e.©/ -f x9t<D&wizt:tt*tZ£. tkthltL 1 % l 2a>x$tsi4**i* 

*i84° <0<9 0° LUo 

MfcH&JtE LTBSWJ1U 77^M(D/^->^«^P L LT^*£ P III 
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M<DM°£ - >ftSaB3fe^ 6 * P L&tfSfttt 5 0 P I'fe^ T SIS P 

l3^^tli>/^->CD^l3^A^i;?)^<b^#xbtl§o #'J*.I^ flirt* 5 0© 

5, $iJ^«CONTIi. tulBAFl$fcB£l*1 0 0*ttoT*»fe»<*5 0(DJB«f 
¥g<b» (SfctefflJflEfci'b*) iiSo'ut. S1KP uili^tia/t* - xD&izm 

flliLK* )*#5 0©JS#f«<bl^oT. ^pfe^PL£D^®teM*<Z$ft^[R]l3 

JB#f«<b (iBMfls) IZf*oT\ /^->»7^-U>^f^h-v3 
3feitE LOa**W»r5i:fclw«koTx 5 0 <DJB4ff«<b (iUfcfb) l-ct 

L 2^M&i>Ait^0 1 s 0 2 T£ffiP ©31® S £fcTx dtit»^tfc 

UfcffiiftllllWR&fliJE*" £ 3 fcT* 2> ©Tr. £t& P ©ft® S ©®&fi'IS$B£*ft&£ 

#8 0° fcjgiTUSfctfK K^4fBmil-r%fctol3. >fcte 5 0 KJSJffWfli 
(iUe^b) ^«cL^»T»ffiP*«Z<lll*riRUz:»l!iLfe*&x StftfcL 1 r©§#; 



19 



WO 2004/053957 



PCT/JP2003/015736 



ifcttraCTfcShUTWlB.SLfc^x K*l3l±s 2ocD&£ttffcL 1 x L2cDAt*£i 
*«P*«Ztt^lRll^ttLfc«^. H&T5fcL1 r©§^©3fe«ii:it&^lRlOf 

fiODjits i n v9 ly /s i n0 2 {i-5£) 0 €-©«ta fc^lZllix S« P © Z ^|a)^ 
0f*lllI^-55^L 1 r©S#*<D^fc£fcfc*fa©**i* L 2 r 

©S^^CD3fe$ftiiSli:^^loJ©"^tifii:CDSa# (0!lx.l£x s i n6,/s i n 0 

^X^Tf^^lI^il3X^T t i. h 1 1 13x fi*£P±©:7* h US?* h^»3fe^ 

P L ©$fc$S® IZJglt to *iT l \ 3 £> fM3 t J8^"P §5o 

^LTx 9 3 nmSJ*<DR^ELIiW*-S«l7X (*) ©Jaflr^nttl^ 

1^1. 4 4 — 1. 4 7^JgiiW3btiTfc "9 x I^E LO^Si: ITA r Fx+y 
TU— (M1 9 3 nm) */BUfc»&x liP±Tl±1/n, r«c*3"&l*1 1 
3 1—13 4 nm«J*l3^iftJMb£*iTAi>#^AW&*i5o MClx ^^JSli 
^^lltb^Ti^n^x - 4 4 — 1 . 4 7f&IU£l;:i6*£*i*fctox 

*HM^T*lix S^^PL(7)$tSg®7l3lix ±iEL/c«tai3x MEL 
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* fett*»# 5 o *© WMttJtfc arises ut>$# 5 o iz&te-tz%¥m 

mtt&mte^ftw-mfct-fzztiz&Kt. u>xizjt^-cxtftspao)3x sams 
<. R-z>3zmzm-?zmr$*&<-tzz\}iti<-cg, *>-5^->*n*s c^>-> 

fcx ta»^3SPL<D$t«ISPl3fe^Tx ^JR^ (3FfTJF®tttt>U>X) 
ifc,itft5 0 CD)^ttil3et P L <Z>fttt0»te4*%?£:*£ P 

ttEPcDSlffiSliiftlt-i-SffilllotxTBiflSLfe^x HlMZB&SXtfrftTJiHItSfl* 
&f£3te^<D— SPlUfcditt; L 1 % L 2 £ iljil 1 3 lis Sa&3fc3**P L 

*«B£-rsitft(D^*^a>o*»fe»tf[Pi3>fii^ 1 ^©^fc^DfrfcaiBs-fc 
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#5 0T»fc**rc^3aiJ5fc"efeS#v 0!)*. P ©a® S CTfr¥®*Sfr 

$£&*8fr&©l*fcB3teL K L 2li. BBB&^P L ©HSKRtfSM* 5 0©ffe 
Id. 3t38J8SMtt LTCD*/t-^'^7>^^LTS^P£D«®Slz:^^ti^ZhlI 

H<5 6tJft#5 0*<aifc**LT^S«^«:WliLTitt^Lfe*«. SH5 613.^5 

BJ14M«£fcli*»*3A/'3riB"Cfc3o tttt©J*&£A»ftTf£«P 
©«® S iZ&MZtitz&HiMZ&'Dt x £H 5 6 (Dft#©®3f¥1tffi&1*£B"r 3 3. 

^fc*«ortgT?&So SHB5 6 Mfc*fcb#a>3teHLtK:W\ *ft (7k) 50^ 

b>X) ^>7kJSl^O«!lx.fi7'y3R» C7 •yHt^ODifcflO «y 1b# U x— t^JU 

(P F P E) t'f^CD^A^LTUTtiUo »l3x U%%t. LT F 2 U — 

^^PL©s^«fesa*^bi^oTtor^i3SE<b-r5o 
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2&&$<b (g}f«ft ) 5 3. h T S ?> o 

tflz. BQ6fc#MLfc#6x AF^tb^gl 0 0(DSB2^SfiJKH8lZOl\TBtB ( ar 

JU* 2 4#l£l*£*iTU£>/£-c7fc£>o 7&Hifc8lt. 3fe3S 1 Ohx ^Hl Ofrtolftii 

£tiz%&<DftmTfamizmi*biixtc. : ,&LfkmiR7 <^2 4t, sat* u * h 1 1 

4fcx *S6«liEffl™«1 5fcx *M3!)U>X1 6fc4«xT^5. Sf 

jEfl§™«1 8ii. WfStCDJBISTWjrSffiibS^-l 9hx 'J U-U>X2 Ohs 

»y K«(DBBPaJ**-*-SS3tXU 7F22a, 22b fclS.tfS' U 3 > ■ 7* 
h • V^Ct— h'fr6&55* , b^2 3 a. 2 3 b £:£tfi*.T^i>o 

2©^tB7feL 2 ttlt S**t^P Lfr&$tt*5 Ol;:AS*«l*<DJg#rftff*fc 
5e Ltftbt, StMill«:*a««:*r*Jlt1 . m2(D^£tl^L 1 > L 2<DZti 

ffilxISx >£f*5 OfcTRh Is JM ©fcattfcL 1 h UTC|£ (ift«6 5 6 . 3 n 
m) #&*t£*ix 3§2<Z>&fci}:fcL 2fcLTd« (M5 87. 6 nm) tf&tteft 
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»IEPil®-eS»LfcjEftr^L 1 rtL 2 r fcl4*ft**i»te* 9 e 
^LTs S^SrtCD^^f^n-f v^55-2 6 43SfflLfeSi*3teL 1 rl4g*;-fc 
>+^2 3 atlAStU 7 □ -f v 7 - 2 6TrJ£tt Lfe^StTfeL 2 rlt^± 
>V2 3 blZXtt-T^o S3fe-b>1^2 3a, 23 b(D«dlfe*l±**i^*i*iJ»«il 

1 oLfrIB£S*iTUfc^i^&lz:l4x ift«liR7-f JU^ 2 4lHck 

iitffcL 1 i:^2CD;^*0D^£±i3tL 2 ii^^tL ; ?ti5tSl3^Pa®(3X**^-ti-i.«i: 

oil"*-*!.!* J:l*o 

IH7I3^A F&£ii£l§1 OOlZfcUT. 31^8X15*^914**1^*11 o-T 
oKttStiTUSo * LT\ **^aS©4$8teP#l4x 8 IZt&^M 2 5 # 

KW-6*iTUSj£T&*o ^^8(4s 0t> l^'Jv h 1 1 

3ttMEfflS/ , J>KU*^U>X1 2hx 'JU-U>X1 3t, 3fett*f Offitf 59- 
1 4ts iRS&MIEffi^BIE 1 5hs *fr4fc>U>X1 6h. *M8)U>X1 6 0Mfe&T3fc 
flJjfflSl^Klt&tifctt^ttS 2 5 t^ftx/Cl**,, 9 14s «aK3lfi** PLt 

m-cmr ssu $7-1 u u - u >x 2 0 ftj&RstiiEA > u > k u 

*;UU>X2 1 hx XU >v S^OD^PgP^Wr^S^X'J yS22t, ^Jx.l4*v'J 

d> • 7* k • y^*- K^e>j£fc5S7fc-tr>-y-2 3 t^ax^o 

maWffi. 2 5 l4Hf^<DWPS5 2 5 A § t- ©T£> o T s 8I#£'J1R 2 5 liRBW 

stis&j*©— aj*ranap2 5 A£7>LTiiii£-y:i>o T&t>*>x 08 (a) , 
(b) izmmmzTjkT&viz. m&*M2 s^%Jh<D^m^mm.i5mznm^x 
Kjzzmttmi-zztT:. mfcp&mwsiztt-i-z&ihytoxmmzm^z&tez 

Xmme^ 9 2 lZ&?£L, Zti?*HZttfo-tZJx.M%;L 1 r£L 2 rh$:§7fe-tr 
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>+f2 3!:&}&-?2>Z£\Z£z>T. HSim&M&ftWz. Sft{*:5 0(Z>S#f*1**R& 
TfrfoZZtWnZZo St H8 (a) ti8 (b) fcrottlBfcXSIZlftOal-a-C. 

3 HJfeJfcSJCIfc u-cfc N R&iiJK 2 5 £ES-f £ 3 v ^2 ftttTBffimtil;:. 1 

tLfe^f*5 oa)Sjgltfg (S#Wlf#B) mgcHN-r. /^-><D«t<D«9i«WBi:* 
« P a>Si® s ©SUSS ^11 L & 9 . P ±i3«dK* ti £ v 1* - >&<Dmm* u 

*«fc-3K:LTt**#* MSPCD*®!::^-*". m««fi^5r-S?P S T±I3J&J5£ 
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lis v'J^>^x/\) §tfll**i5o 

t 1 ')//^) Offers T^^MhSt5Ph ; &l^±Lyc:t»t^Tx'7.^M(Z)/t^->^-}S 
g&gfi UT»;/f) u:«featf§« M„ *56Dil4*«P±Til>*: 

S©«&il«<D«^tfa*fettftt±* ^JxliWI 0- 1 6 3 0 9 
^1 0-2 1 4783^(^1^6, 341, 007, 6, 400, 44 K 
6, 5 4 9, 2 6 9&7J6, 5 9 0,6 3 4) , #82 0 0 0- 5 05 9 5 8^ 
(#J&*IItt$fF 5 , 9 6 9, 4 4 1 ) &«U(*3|tS%lt6, 2 0 8, 4 0 713^ 

* tints*). *mm&mi?t%fc£tzitmvi2tifem<nfe^&&$ft2>m. "913*5 
tfz, ±&ommzm-v&, &§zft¥*PLtmKPtnm\zmpmiz%ite*ffi 

^J^(i'^¥6 - 1 2 4 8 7 3^$BI-. * ^ - v± I ZPfr^M £ (DfofaM £ mj£ U 

T*(D*\zm&*i%&-fz>mmm%gi&iz^>^Ti*, mtfiMMM 0-3031 
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1 4fi>l6^i#i^5 ) 8 2 5, 0 4 3l3*n^*ira***i"Cfe"9s *SI« 

vtgkmv, swtatti^y Ks ii&ss^ (ccd) a&stMiu^^xii-?***:*: 

fccfcUo 7 > 7 i -vl- l J-7'^E-^^fflUfc^Jli. ^BftttS, 6 2 3, 8 5 

5, 5 2 8, 1 1 8(ZBB^*tiT*J0x *4x*Jlx*SPSttiIlT*&3£*fcl£»8*£ 

^f-v"P S T N MS TfcSEft-r^S^-^ffl^Tfc.fcUo WEiiL 
htlKffi^y hfc©lvf*lfr— **7f-*>'P S Tx MSTIligi^Lx m 
^ZL-y V £.W&F?3-—v KhflDffe^fc^-vP S T\ MST©£ttffiftJl;:lfirtt 

wmis&it. mm*, xwam 5 , 528, 1 1 8 (*h¥ 8-166475^ 
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©M^asliv midU #H1SIWg 5,8 7 4,8 2 0 (4#R9?8 - 33 0 224^ 
^MW^/WxafflDT-f ^□5 r A*-i'^(4v E9l37F-rctai3 N ^^dtvw* 

720 3, HfrMLycHssjKStos^SExi^cto ^7.5 <r>rt$ -^ikW&xzmt 

5 s <r >yil, /t<y>r->X14*t) 2 0 5. ^S7f«y72 0 6*&gT«ift 
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&ttiyt<D%& ! ±(DmtfTmtfmibLTt>, vtmatt u-cttttcwfefcjifcs await 



29 



WO 2004/053957 



PCT/JP2003/015736 



&th?ttLT, te^(Dmte%&&(Dft*Wi&mz&tt-?2>&yi?fr£ 

2 i;:lS«<Z)®<&a&ttJ£iao 
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